Background: Repair of the flexor pollicis longus (FPL) tendon by tendon retriever can be challenging because of uncertainty of the optimal direction. This study aims to describe the FPL tendon path in the thenar eminence. Methods: In 18 hands of 9 cadavers, the angle of the FPL tendon was, after dissection, measured in relation to the axis formed between the metacarpophalangeal (MCP) joint of the thumb and the dorsal carpometacarpal joint (MC1-axis) and the axis formed between the second MCP joint and the distal edge of the trapezium (MC2-axis). Results: The FPL does not follow the angle of the thumb metacarpal. The FPL runs ulnarly from the MC1-axis at a median of 32.5° in abduction and 30.6° in adduction. In relation to the MC2-axis, it runs at a median of 47.5° in abduction and 25° in adduction. Conclusions: The FPL tendon path can be preoperatively marked using: (1) the MC1-axis from which it runs ulnarly approximately at an angle of 30° in both abduction and adduction; or (2) the MC2-axis from which it runs radially at an angle of 47.5° in abduction and at an angle of 25° in adduction. We conclude that the FPL tendon path can be preoperatively marked using these axes and does not parallel the metacarpal axes of the thumb.
Introduction
Flexor pollicis tendon lacerations represent 8.7% of flexor tendon injuries and most commonly occur in zone I or zone II. 1 During operative repair, these injuries require retrieval of the proximal tendon which can retract to the level of the carpal tunnel. Many retrieval techniques have been described but often rely on finding the FPL at the level of the wrist and then passing the tendon antegrade. [2] [3] [4] [5] [6] [7] The flexor pollicis longus (FPL) originates from the anterior part of the radius to insert in the distal phalanx of the thumb, allowing active flexion of the interphalangeal (IP) joint; however, certain variations of the muscle/tendon unit may exist. [8] [9] [10] [11] [12] [13] In addition, various pulley configurations exist. 14 The course of the FPL proximal to the pulley system is not always easy to determine and its trajectory is not well characterized. Anecdotally, some surgeons believe that this angle parallels the thumb metacarpal; however, in our experience, this angle does not seem to be correct. Blind retrieval of the FPL increases risk of injury to the median nerve branches and leads to unnecessary tendon sheath scarring. It is widely accepted that flexor tendon repair requires delicacy and minimal trauma of the tendon and its sheath to avoid adhesions. 7, 3 The aim of this study is to describe the path of the FPL tendon in the thenar eminence and identify landmarks to help direct surgical retrieval of the proximal tendon end during surgery.
Materials and Methods
In 18 fresh-frozen hands from 9 cadavers, dissection was performed to expose the flexor tendons from the distal forearm to the distal phalanges. The hands were allowed to fully defrost prior to dissection. The median age was 72 years (interquartile range [IQR]: 70-80), and 8 were males and 10 were females. Dissection was performed under loupe magnification. The skin and subcutaneous tissues were removed to expose the median nerve and its branches, the A1 pulley of the index finger and thumb, and the flexor pollicis from its insertion to the point where it entered the carpal tunnel.
The path of the FPL tendon was marked by spanning a vessel loop from the midline at the volar metacarpophalangeal (MCP) joint of the thumb to the distal edge of the trapezium where the FPL tendon entered the carpal tunnel. After exposure, 2 angles were defined and measured using a Jamar goniometer. To facilitate measurements, the precise points used to measure the angles were marked with pushpins and vessel loops were placed between the marks (Figures 1 and 2 ). The first angle that was measured was the angle of the FPL tendon in relation to the axis formed when drawing a line from the dorsal carpometacarpal joint to the volar MCP joint of the thumb (MC1-axis) ( Figure 1 ). The second angle was that of the FPL tendon path in relation to the axis formed when drawing a line between the second metacarpal and distal border of the trapezium (MC2-axis) ( Figure 2 ). Both these angles were measured in 2 positions: maximum passive abduction and maximum passive adduction of the thumb metacarpal by static positioning of the thumb with minimal loading.
All measurements were repeated twice and the measurements were averaged. The interrater reliability was evaluated calculating the intraclass coefficient (ICC) using a 2-way mixed-effects model. In addition, we recorded whether the FPL ran superficial or deep to the following thenar muscles: flexor pollicis brevis, abductor pollicis brevis, opponens pollicis, and adductor pollicis.
Statistical Analysis
Continuous parameters were evaluated for normality using the Shapiro-Wilk test. All continuous variables were presented as median with IQR. Categorical variables were presented as frequencies and percentages. To compare the difference between the angle of the FPL tendon path in relation to the MC1-axis and MC2-axis with the thumb in maximum abduction and maximum adduction, we used the Wilcoxon signed rank test or the paired Student's t test depending on normality.
Results
The FPL tendon ran from the distal phalanx and entered the carpal tunnel passing ulnarly around the distal edge of the trapezium in all cadavers. The FPL tendon ran deep to the opponens pollicis and superficial head of the flexor pollicis brevis in all cases and superficial to the adductor pollicis in all cadavers. The FPL ran deep to the deep head of the flexor pollicis brevis in 8 of the hands and superficial in the other 10 hands. The ICC for MC1-axis angle measurements was 0.93 with the thumb in abduction and 0.78 with the thumb in adduction. Angles measured in relation to the MC2-axis had an ICC of 0.96 with the thumb in abduction and 0.84 when the thumb was adducted.
Furthermore, we noted the proximity of the median nerve branches to where the FPL tendon entered the carpal tunnel ( Figure 3) . As the FPL tendon runs proximally from the A1 pulley, it lies centrally between the proper digital nerves to the thumb. Upon entering the carpal tunnel, the FPL tendon lies deep but adjacent to the median nerve.
Discussion
This study evaluated the trajectory of the path of the FPL tendon in the thenar area relative to landmarks on the thumb and index finger, providing landmarks guiding proximal retrieval of the tendon after laceration. We found that the FPL does not parallel the thumb metacarpal. It runs at a median angle of 32.5° relative to the MC1-axis with the thumb in abduction and at a median angle of 30.6° with the thumb in adduction.
When evaluating the path of the FPL tendon in relation to the second ray, the MC2-axis, it ran at a median angle of 47.5° inclination in abduction and a median angle of 25.0° in adduction. This angle is statistically different when the thumb is adducted or abducted.
The results of this study must be considered with respect to its strengths and limitations. First, there were a limited number of cadavers available for dissection. The angles reported may change with a larger number of specimens; however, the variance was relatively small suggesting that the angles recorded are relatively constant. Second, the measurements were only performed by 2 observers; however, the interobserver analysis showed good to excellent interobserver agreement. 15 Third, the positioning of the thumb was performed by the researcher with an attempt to use a minimal load. This cannot be standardized and is subject to variation to some degree. Last, anatomic correlation of measurements in cadavers to the clinical setting may differ but this was addressed by choosing structures that are easy to identify clinically and do not change during cadaver processing.
Because of the orientation of the thumb relative to the plane of the hand, the course of the FPL is unique compared with other extrinsic flexors. [2] [3] [4] [5] [6] [7] This is surgically relevant in the context of zone I and II FPL laceration during retrieval of the proximal tendon end. In many reports, the proximal FPL tendon is retrieved through an incision at the wrist crease. A feeding tube or catheter is passed through the sheath in a retrograde direction and is then used to shuttle the proximal tendon end through the sheath for repair to the distal end. Initial retrieval of the proximal tendon end without an additional incision at the distal forearm or wrist reduces procedural time and the amount of soft tissue dissection outside of the traumatic field. It is not always possible; however, due to the likelihood of damage to nearby neural structures and general tissue trauma incurred during blind grasping within the proximal FPL sheath, knowledge of the trajectory of the FPL relative to known landmarks allows surgeons to attempt retrieval with greater insight into the likely location of the tendon.
When attempting retrieval of the proximal tendon, the path of the FPL tendon can be estimated around 30° relative to the thumb metacarpal. Once the tendon sheath has been exposed intraoperatively, the tendon retriever can be passed through a path of minimal resistance along this general angle. If the tendon cannot be easily and gently retrieved, proximal dissection should be performed at the wrist level.
In addition to a careful tenorrhaphy, care must be exercised to avoid injury to the branches of the median nerve that run in zone III and IV during tendon retrieval. 18 These branches are outside the tendon sheath but are very close to the FPL during tendon retrieval. It is important to be aware of the close proximity of the median nerve when retrieving the proximal tendon at the proximal thenar eminence.
In conclusion, the FPL does not parallel but lies instead at a 30° angle relative to the thumb metacarpal. In proximal FPL tendon retrieval, this angle is a helpful guide in finding the tendon path.
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